Perfluoroalkyl substances (PFASs) have been detected in organisms worldwide, including Polar 21 Regions. The polar bear (Ursus maritimus), the top predator of Arctic marine ecosystems, 22 accumulates high concentrations of PFASs, which may be harmful to their health. The aim of 23 this study was to investigate which factors (habitat quality, season, year, diet, metabolic state 24 [i.e. feeding/fasting], breeding status and age) predict PFAS concentrations in female polar 25 bears captured on Svalbard (Norway). We analyzed two perfluoroalkyl sulfonates (PFSAs: 26 PFHxS and PFOS) and C8-C13 perfluoroalkyl carboxylates (PFCAs) in 112 plasma samples 27 obtained in April and September 2012-2013. Nitrogen and carbon stable isotope ratios (δ 15 N, 28
INTRODUCTION
Perfluoroalkyl substances (PFASs) are a group of anthropogenic chemicals that have been 47 manufactured for more than 50 years. PFASs are commonly used in the production of stain connected to a pre-column; Supelguard Discovery C18 column (2 cm × 2.1 mm × 5 µm, 160 Supelco, Sigma-Aldrich, Oslo, Norway). Detection and quantification was accomplished with 161 a tandem mass spectrometry (MS-MS) system (API 3000, LC/MS/MS System). The injected 162 volume was 5 µl. Calculation was performed using MassHunter Quantitative analysis Version 163 B.05.02 (Agilent Technologies). LOD were three times signal to noise ratio found in the 164 samples and are given in Table 1 . 165 For each series of approximately 30 samples, three procedural blank without matrix, one blind 166 and two recovery samples were analysed. The relative recovery rate ranged from 86% to 103% 167 for the PFCAs and 99% to 110% for the PFSAs. The results were corrected for recoveries. The Determination methods of δ 15 N and δ 13 C in red blood cells and plasma (n=112) and fatty acids 173 (FA) composition in adipose tissue (n=83) have been previously described (Tartu et al., 2016) . 174 Briefly, δ 15 N values change in a predictable fashion between trophic levels and thus reflect 175 trophic position of the individual polar bears (Hobson, 1999; Hobson et al., 1996) . In contrast, 176 δ 13 C remains little changed according to trophic position and thus can indicate sources of 177 primary productivity for example marine vs. terrestrial, pelagic vs. benthic, inshore vs. offshore 178 (Hobson, 1999; Hobson et al., 1996) . Therefore, stable isotopes can be used as proxies for diet. 179 In polar bear red blood cells, half-life for δ 13 C is ~1.5 months whereas half-life for δ 15 N is at 180 least twice as long (Rode et al., 2016) . In polar bear plasma, half-lives for δ 13 C and δ 15 N are 181 10 and 18 days, respectively (Rode et al., 2016) . Thus, once acquired, polar bear red blood cells 182 and plasma can provide a retrospective record of diet sources over months to days' time periods, 183 respectively (Rogers et al., 2015; Tartu et al., 2016) . 184 Dietary FAs are predictably incorporated into a consumer's tissues and can thus provide insight 185 into an organism's diet over the preceding weeks to months (Iverson et al., 2004) , and perhaps 186 longer in some species (Budge et al., 2006) . Seventy-five different FAs were determined in the 187 fat samples. As suggested by Budge et al. (2012) , for further analyses we selected 33 FAs that 188 were ≥ 0.2% of total FAs and collectively accounted for 96.9% of total FAs. FA data were 189 transformed by calculating the log of the ratio of each FA to c18:0 prior to principal component 190 analysis (PCA) (Budge et al., 2006) . Since the log of 0 cannot be taken, 0 values were replaced 191 with a small constant (0.005%) prior to transformation. The 32 FAs (without 18:0) used in the 192 present study included iso-14:0, 14:0, 14:1n-5, 15:0, 16:0, 16:1n-11, 16:1n-9, 16:1n-7, 16:1n-193 5, iso-17:0, 16:2n-4, c17:0, 18:1n-11, 18:1n-9, 18:1n-7, 18:1n-5, 18:2n-6, 18:3n-4, 18:3n-3, 194 18:4n-3, 20:1n-11, 20:1n-9, 20:1n-7, 20:2n-6, 20:4n-6, 20:4n-3, 20:5n-3, 22:1n-11, 22:1n-9, 195 21:5n-3, 22:5n-3 and 22:6n-3. We generated FA principal components (PCs) for further 196 analysis from the first, second and third axis of the PCA (projected inertia: PC1: 31.6, PC2: 197 16.7, PC3:12.7%, respectively). Using PCA scores enables to summarize FA composition into 198 three continuous variables. The three first axes accounted for 61.0% of the total variance of the 199 data cloud. Individual FAs that contributed most (>5%) to PC1 were: 15:0, 16:1n-11, 16:1n-7, 200 16:1n-5, 16:2n-4, 18:4n-3, 20:1n-11, 20:1n-9, 20:5n-3, 22:1n-9; to PC2: 16:0, iso-17:0, 17:0, 201 18:1n-7, 18:3n-4, 20:1n-9, 20:4n-6, 22:1n-11 and to PC3: iso-14:0, 14:0, 14:1n-5, 16:1n-9, 202 18:1n-7, 22:1n-11, 21:5n-3, 22:5n-3.
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METABOLIC STATE DETERMINATION
204
The ratio of urea to creatinine (urea:creatinine) is indicative of the metabolic state 205 (feeding/fasting state) of polar bears, low values indicating a fasting state (Derocher et al., 1990; 206 Nelson et al., 1984) . Molar concentrations of urea and creatinine were analysed in plasma 207 (n=111), the samples were stored at -20 ºC for 1-2 years and thawed before being analysed in 208 autumn 2014. The analyses were performed using a "dry" clinical-chemical analyzer,
209
Reflotron® (Model IV, Boehringer-Mannheim GmhB, Mannheim, Germany). The system is 210 composed of a reagent carrier (test strip) and a microprocessor controlled reflectance 211 photometer. The system uses individual strips for each parameter, and each strip uses a specific 212 reaction to produce a dye that is measured and evaluated by the reflectance photometer. All 213 samples were analysed in duplicates, if high variation was observed between the duplicates, an 214 additional replicate was analysed. Limits of detection (LOD) are given in Table 1 . Previous 215 studies have reported a threshold value of urea:creatinine <10 to report a fasting state (Cherry predictions were classified as habitat or non-habitat using a cut-off corresponding to 70% of all 232 polar bear positions occurring in pixels classified as habitat, and these daily maps were summed 233 across each period of interest. According to these maps produced using RSF, the western coast 234 of Svalbard has fewer habitat days in all four periods compared to the eastern side ( Figure S1) . 235 Therefore, we divided Svalbard into two relative habitat categories with the western side 236 considered as a poor quality habitat and the eastern side as a good quality habitat ( Figure S1) . 237 Among the 78 individual bears used in this study, 59 were equipped with satellite telemetry 238 collars during the study period or previous years. For these bears, we used location data to 239 determine whether they used the good or poor habitats (Figure S1 ). For the bears without 240 collars, we used the capture position during the study period to determine if they were using 241 good or poor habitats. Seventy-nine females were assigned to the "eastern good quality habitat" 242 and 33 to the "western poor quality habitat". Table 1) . Except for PFDoDA, PFASs in the 112 samples were above 250 LOD ( Table 1) . We conducted statistical analyses using R version 3.2.1 (R Core Team, 2016). 251 We used generalized linear mixed models (GLMMs; R-package nlme version 3.1-121, Pinheiro To do so, we selected 42 biologically relevant models (Table S1 ). We used an information-255 theoretic approach (Burnham and Anderson, 2004) based on Akaike's information criterion 256 corrected for small sample size (AICc, R package MuMIn, Barton, 2016) . We calculated the 257 number of parameters (K), the difference in AICc values between the "best" model and the 258 model at hand (ΔAICc) and a normalized weight of evidence in favor of the specific model, 259 relative to the whole set of candidate models, derived by e (-0.5(ΔAICc)) (AICc weights). We used 260 model averaging to make inference from all the models. This method produces averaged 261 estimates of all predictor variables in the candidate model list (Table S1) 
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RESULTS AND DISCUSSION
280
PFAS concentrations 281
On average, PFOS accounted for 67.6% of total plasma PFAS concentration in female polar 282 bears of the present study. Then followed by decreasing order: 9.9% PFNA, 8.8% PFHxS, 6.4% 283 PFUnDA, 3.1% PFDA, 2.1% PFTrDA, 1.3% PFOA and 0.8% PFDoDA. PFAS concentrations 284 (ng/g wet weight) are presented in Table 1 . 285 In the same females, plasma concentrations of PCBs and their metabolites (OH-PCBs) were 
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The FA composition as inferred by FA PC2 and FA PC3, correlated positively and negatively, 314 respectively with PFUnDA, PFDoDA and PFTrDA (Figure 3, Table 2 ). These results were 315 expected as FA PC2 and FA PC3 respectively correlated positively and negatively with stable 316 isotopes (Table S2 ). Yet, for FA PC2, the significance of the relationships with PFCAs were 317 driven by two outliers, and the correlation was not significant when the outliers were removed 318 (PFUnDA: β=0.28, 95% CI [-0.09, 0.66], PFDoDA: β=0.33, 95% CI [-0.05, 0.70] and PFTrDA: 319 β=0.27, 95% CI [-0.08, 20.62]). We should therefore remain cautious when interpreting the FA 320 PC2 results. The individual FAs that contributed most to FA PC3 were mainly saturated and 321 monounsaturated FAs (see list in the method section). This suggests that C11-C13 PFASs could 322 be in lower proportion in prey with larger proportions of saturated and monounsaturated FAs. 336 In this study, urea:creatinine ratios were negatively related to plasma PFHxS, PFOS, PFOA, 337 PFNA and PFDA concentrations (Figure 4, Table 2 ). Low values of urea:creatinine indicate a 338 fasting state (i.e. urea:creatinine ≤ 47.5 using molar concentrations), females in a fasting state 339 had PFAS concentrations that were 1.18-1.47 fold higher than in feeding females 340 (urea:creatinine > 47.5) . When fasting, bears can conserve their protein pool by recycling urea 341 nitrogen into plasma proteins (Nelson et al., 1975) and previous studies in polar bears have 342 reported increased concentrations of β-globulins in plasma of fasting polar bears (Cattet, 2000) . 343 Considering that PFAS bind to proteins, an increased proportion of proteins in blood could 365 Concentrations of PFOS and C9-C13 PFCAs were higher in polar bears from eastern part of 366 Svalbard, where habitat quality was higher than in females from the western part of Svalbard, 367 where the habitat quality was poorer (Figure 1B-S1, Table 2) . These results support previous where the prey base is of higher quality-seals in eastern Svalbard, are inadvertently assimilating 397 prey that are highly contaminated; thus, although they are fatter, their vulnerability to being 398 contaminated is dramatically different.
High PFAS concentrations in fasting polar bears
PFASs in relation to sea ice condition
399
Interestingly, we observed higher concentrations of PFNA and PFDA in autumn compared to 400 spring ( Table 2 ). Yet, this result only appeared significant in females captured in the eastern assimilated by the food web. The sea ice melt is followed by a sharp increase in phytoplankton 420 biomass. Once the pollutants are assimilated by phytoplankton, the latter are consumed by the 421 copepod Calanus glacialis, a key Arctic planktonic herbivore, which is an important food item 422 for higher trophic levels (Leu et al., 2011; Søreide et al., 2010) . In contrast, in areas with less 423 or no sea ice, PFAS deposition will more rapidly be diluted into seawater. Concentrations of 424 several PFAS are therefore expected to be higher in food webs from areas where sea ice extent 425 is subjected to a larger amplitude, such as the eastern habitat. This could also contribute to the 426 observed seasonal variation in PFAS concentrations between females using the eastern versus 427 those using the western habitats. 429 Breeding status predicted PFOS concentrations in plasma ( Table 2) . We observed higher PFOS 430 concentrations in females with cubs of the year (COYs) than in solitary females ( Table 2) . 431 Although the other PFASs did not vary between breeding statuses, C10-C13 PFCAs tended to be 432 higher in females with COYs than in solitary ones. PFAS concentrations in females with 433 yearlings were not different from any of the latter two groups ( Table 2) . 434 The high plasma PFOS concentrations in females with COYs could be related to an increased 435 protein synthesis for milk production coupled to a low metabolic state. Indeed, female polar 436 bears produce large quantities of milk for COYs (Arnould and Ramsay, 1994) and during 437 lactation, the activity of some lipoproteins, such as the lipoprotein lipase (LPL) increases 438 (Iverson et al., 1995; McBride and Korn, 1963; Mellish et al., 1999) . LPL is critical for the 439 uptake and secretion of FA in milk (Hamosh et al., 1970) . We therefore postulate that increased 440 lipoprotein synthesis related to lactation will increase the protein pool in females' body, which 441 will result in a higher proportion of PFOS bound proteins in plasma. In addition, females with 442 COYs may have been fasting for up to 6 months when they emerge from their dens in March 443 to April (Andersen et al., 2012) and as observed from the present results, a fasting state is related 444 to higher PFAS concentrations ( Table 2) . The high PFOS concentrations in females with COYs 445 are unlikely related to differences in feeding patterns between the females of different breeding 446 statuses. Indeed, females with COYs rather feed at a lower trophic level than solitary females, 447 although results were not statistically significant (Tartu et al., 2016) . According to numerous 448 studies on murine and simian models, PFOS is highly toxic to mammals (Lau et al., 2004) . 449 Consequently, females with COYs could be more at risk considering they have an increased 450 energy demand and are in poorer body condition compared to solitary females (data not shown). 452 In the present study, the age of female polar bears predicted a decrease of 1.14 ng/g ww per 453 year in PFOA concentrations whereas other PFASs were not related to age ( Table 2) . The Considering all the potential health effects of PFAS, it is important to increase knowledge on 467 the underlying drivers of PFAS concentrations in polar bears. This study demonstrates that diet 468 is the strongest predictor for circulating PFAS concentrations in Svalbard female polar bears, 469 with individuals feeding at a higher trophic level and more marine prey being more exposed to 470 PFASs. Diet is also a likely factor explaining seasonal and spatial differences in plasma PFAS 471 concentrations in polar bears from Svalbard. PFAS concentrations were higher in fasting than 472 in feeding female polar bears. The higher PFOS levels in females with COYs are likely related 473 to both metabolic state and milk production. In conclusion, our findings suggest that feeding on show averages and median values followed by the range (min-max). Limits of detection 793 (LOD) and the number of samples for which values were below LOD (n<LOD) are given for 794 PFASs, urea and creatinine. PFASs' abbreviations are followed by their carbon chain length.
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PFOS and breeding status
451
PFOA and age
795
Metabolic state proxies were measured in 111 females representing 77 individuals. a The ratio 796 is in molar concentration, ratios ≤ 47.5 correspond to fasting individuals. Table S3 : Variables included (×) in the five models with the lowest AICc explaining the concentration 65 of individual PFAS compounds in plasma. All models (linear mixed models) include female identity 66 as a random factor. "ΔAICc" is the difference in AICc between each candidate model and the model 67 with the lowest AICc and "AIC wt" the Akaike weights. 68
